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Title: Moving fiber optical switch 
Background of the Invention . 

1. Field of the Invention 

[0001] The present invention relates to an optical switch of 
the moving fiber type. 

2 . Prior Art 

[0002] A well known type of switch for optical fiber circuits 
is the moving fiber type, where two fiber portions are fixed to 
opposed fiber supports separated by a gap, the fiber portions 
extending along a fiber axis and having opposed fiber ends 
separated by a fiber gap. One or both supports are movable 
between a first position in which the fiber ends are aligned, 
* so that light can cross the fiber gap, and a second position in 
which the fiber ends are out of alignment. 

[0003] Although some switches of this type have lenses, the 
most compact and energy efficient switches of this kind simply 
use a fiber gap between polished ends of the fibers. This means 
that the movable support or supports must be capable of very 
precise movement, which is preferably achieved by the use of a 
flexible mounting for each movable support. Examples of U.S. 
patents showing this type of construction are the following: 

No. 5,239, 599, issued Aug. 24, 1993, 

No. 5, 727, 099, issued Mar. 10, 1998, and 
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No. 5,757,991, issued May 26, 1998; 
[0004] All of these patents have Murray R. Harman as 
inventor . 

[0005] In the later two patents, there is a symmetrical 
arrangement of opposed supports which are each flexibly mounted 
on a connecting member or housing, and which are each moved by 
a link connected to an operating means. In both cases the 
operating means is capable of pivotal movement relative to the 
optical fiber axis, and to the connecting member or housing, in 
order to cause relative movement between the fiber ends. In the 
'599 patent the operating means is a pivot member which is 
pivotal ly moved, about a shaft -like pivot, relative to a housing 
which connects the flexible mounts of the supports. In the '991 
patent the connecting member which joins the flexible mounts of 
the supports is itself pivotal about a shaft, and the operating 
means here is, in effect, a stationary part of the switch which 
is connected to the supports by flexible links. 

[0006] The '099 patent shows an example of a moving fiber 
switch in which only one of the supports is flexibly mounted. 

[0007] It is usual for such switches to be made by fixing a 
single optical fiber along the surfaces of two supports and 
across the gap between them, and then cutting this fiber to form 
the fiber gap. If the fiber gap thus formed is larger than the 
ideal, it has in the past been difficult to adjust this. U.S. 
Pat. No. 4, 759, 597, which issued July 26, 1988 to Lemonde, 
suggests a construction in which the gap is adjusted by use of 



a micro-manipulator holding a part of the switch, but when the 
gap has been adjusted this is fixed by welding parts of the 
switch together, after which no adjustment is possible. 

Summary of the Invention 

[0008] The present invention provides a moving fiber switch 
which has features in common with the switches of the '599 and 
'991 patents. However, it is not limited to a switch having both 
the optical fiber supports with flexible mountings, but may have 
only one, as in the '099 patent. In common with the '599 and 
'991 patents, the switch of this invention has: 

two opposed fiber supports spaced apart along an optical 
fiber axis, at least one of said supports being flexibly mounted 
for pivotal movement relative to the other support in direction 
normal to said optical fiber axis, 

at least one optical fiber portion fixed to each support 
and extending along said optical fiber axis and having opposed 
fiber ends forming a fiber gap, the supports having a first 
position at which said fiber ends are axially aligned, and a 
second position at which said fiber ends are held out of 
alignment, 

link means connected to said flexibly mounted support to 
move said flexibly mounted support pivotally relative to the 
other support, and 

actuator means for providing movement of the link means and 
capable of causing movement of the flexibly mounted support, so 
that the supports are moved between said first and second 
relative positions. 



[0009] Preferably, both of the supports are flexibly mounted 
relative to a housing, as in the '599 and '991 patents, and the 
actuator means includes electromagnetic means for moving the 
link means. However, other actuating means such as piezo- 
electric means may also be used. 

[0010] The switch of this invention has three improvements 
over the switches described in the aforesaid Harman patents, 
i.e.: 

1. Where, as in the '599 and ! 991 patents, the actuator 
means provides relative pivotal movement of an operating member, 
which is connected to the link means, between two orientations 
corresponding to the first and second relative positions of the 
fiber supports, this operating member, instead of being 
connected to the connecting member or housing by a shaft or 
similar pivot, is connected thereto by means of a flexure. This 
means that the switch operates entirely with flexures, and has 
no sliding surfaces which can be subject to wear and friction. 
Preferably, the flexure means includes a pair of crossed 
cantilevers . 

2. The switch has means for adjusting the gap between the 
fiber ends. This means that if, as is usual practice, the switch 
is made by placing one fiber along the fiber axis and fixing it 
onto the two opposed supports, and then cutting the fiber to 
form the fiber gap, this gap can be adjusted to what is best 
suited to the switch operation and is not limited by the kind 
of saw used to form the gap. Unlike with the Lemonde patent, the 
gap can be re-adjusted at any time. 

This gap adjustment is achieved by having one of the supports 



mounted on a flexible mount which allows axial movement of the 
one support relative to the other support along the optical 
fiber axis, and adjustment means is provided for causing the 
axial movement so as to adjust the width of the gap. 

3. The switch has means for adjusting the alignment of the 
optical fiber ends in a direction perpendicular to the movement 
provided by the pivotal movement of the flexibly mounted support 
or supports. This is particularly useful where one fiber end on 
one support needs to be aligned selectively with each of two 
fiber ends on the other support; the one fiber end can be 
adjusted so that its position achieves the best compromise 
alignment with the other two fiber ends. 

[0011] This alignment is achieved by having a second of the 
fiber supports mounted on a housing by means of a flexible mount 
which allows tilting motion of this second support relative to 
a first support in a direction perpendicular to the movement 
provided by the pivotal movement of the second support , and 
wherein there are provided adjustment means, such as a screw, 
for causing this tilting movement and thereby adjusting the 
alignment of the optical fiber ends. 

Brief Description of the drawings. 

[0012] A preferred embodiment of the invention will now be 
described by way of example with reference to the accompanying 
drawings, in which; v 

[0013] Fig.l shows a perspective view of the switch in a 
first position; 

[0014] Fig. 2 shows a plan view of the switch in the same 



position; 

[0015] Fig. 3 shows a plan view of the switch in a second 
position; 

[0016] Fig. 4 shows parts of the switch in the first position, 
and with an initial gap as formed by cutting a single fiber; 
[0017] Fig. 5 shows the same parts as Fig. 4 but after 

adjustment of the gap; 

[0018] Fig. 6 shows a perspective view of parts of the switch 
in the first position; and 

[0019] Fig. 7 shows the same parts as Fig. 6 but after an 
figure, adjustment of alignment, which adjustment is exaggerated 
in this f 

Detailed Description. 

[0020] Referring firstly to Figs.l and 2, showing the whole 
switch, this comprises a metal housing 10 of generally 
rectangular form mounted on a base B. The housing is formed from 
an initially solid rectangular block in which cavities are cut 
through the depth of the block, to form the surrounding sides of 
the housing and integrally and flexibly connected movable parts 
of the switch within the housing sides. These latter parts 
include: 

1 . At a first end of the housing, a first base portion 12 
connected to the sides of a first end portion 10a of the housing 
by two pairs of laterally extending flexures 14, each pair of 
flexures forming a parallelogram linkage on one side of the base 
portion 12. This first base portion 12 is in turn connected by 
a thin web 15 to a first fiber support 16a, the web 15 providing 
a flexible cantilever mounting which allows relatively easy 
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motion of the support 16a in the lateral direction. The web 15 
and all the other parts formed integrally with the housing have 
the full depth of the housing, so that web 15 has good stiffness 
in the vertical direction, i.e. perpendicular to the plane shown 
in Fig. 2. The flexures 14 allow some adjustment of this first 
base portion 12 longitudinally of the housing, i.e. they provide 
an axially movable flexible mount for the first support 16a for 
gap adjustment, as will be described below. 

2. At the second end of the housing, a second base portion 
18 is connected by a single pair of opposed flexures 20 extending 
laterally from the base to the sides of the second end portion 
10b of the housing. These flexures 20 are relatively thick and 
stiff compared to the flexures 14, but are capable of small 
torsional deflection to provide a flexible mount allowing limited 
tilting of the second base portion 18 relative to the housing, 
as will also be further described below. The base portion 18 is 
connected by a thin flexible web 22, similar to web 15, to the 
second fiber support 16b which is disposed symmetrically opposite 
to the first support 16a, the adjacent ends of the supports being 
separated by a gap. 

[0021] In forming the switch, fiber portions 30a and 30b are 
formed from a first optical fiber which is fixed to the supports 
16a and 16b while it extends along an optical fiber axis which 
lies at a small angle, -about 8°, to the common longitudinal axis 
of the supports, this fiber axis passing through the center of 
the gap between the supports. After being secured to the 
supports, this optical fiber is cut at the gap between the 
supports by a cut made perpendicularly to the common axis of the 



supports, and the adjacent ends of the two fiber portions 3 0a and 
3 0b which form the fiber gap are polished to provide surfaces 
which are thus off -set 8° from the perpendicular to the fiber 
axis. These off -set fiber ends minimize back reflections within 
the fibers, in well known manner. In this preferred embodiment, 
an additional fiber portion 32 is attached to the support 16b 
closely beside and parallel to the fiber portion 30b. In some 
versions of the switch, another fiber portion may be attached to 
the first fiber support 16a beside fiber portion 3 0a. 

[0022] Figs.l to 3 also show the operating mechanism for the 
switch. This includes a pivotal operating member 40 which is 
connected to the respective supports 16a and 16b by flexible 
links 42a and 42b. The operating member is pivotally mounted -by 
being connected to the center of a side 10c of the housing by 
flexure means constituted by two pairs of crossed cantilevers 44a 
and 44b. Each cantilever pair has an upper and a lower portion 
which are superposed in the plan view, as in Fig. 2. These four 
hinge cantilevers have neither connection nor contact where they 
cross. The pivot point of this flexure is the crossing point of 
the cantilevers in the center position of the operating member 
40, i.e. aligned with housing 10, this pivot point being spaced 
from and aligned with the fiber gap. The crossed cantilevers are 
all preferably oriented at a common angle of less than 45°, 
generally from 30 to 45° , relative to the longitudinal axis of 
the member 40. Use of this flexure system avoids any sliding 
joints, and attendant friction, in this switch. The use of the 
links 42a and 42b provides a kind of differential drive which 
nullifies the effect of thermal expansion of the links. Balanced 
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differential drive also limits the effects of externally sourced 
acceleration. 

[0023] The operating member 40 is in the form of a 
ferromagnetic armature, and is pivotally moved by electromagnetic 
means in the form of two solenoids 4 8a, 4 8b mounted on a bracket 
50 which is fixed to the base B which holds the housing 10, the 
solenoids being capable of attracting adjacent end portions of 
the ferromagnetic operating member 40. The bracket 50 also 
carries permanent magnet 52, which provides latching 
magnetization, to hold the operating member in its two extreme 
positions, in the absence of power being supplied to the 
solenoids, in which positions it is in contact with the stops 54a 
or 54b which determine the degree, of movement of the member 40. 
The bracket 50 may also have magnets (not shown) which control 
the balance properties of the switch. Alternately the magnet 
shown as 52 may be laterally positioned, as required to adjust 
balance properties. The stops 54a and 54b are carried by base B 
by means allowing them to be precisely adjusted so that in the 
first position of member 40, which is shown in Figs.l and 2 of 
the drawings, the links 42a, 42b hold the supports 16a, 16b, in 
a first deflected position with the fiber portions 30a and 30b 
aligned, whereas in the second position of member 40 shown in 
Figs. 3, the links hold the supports in a second deflected 
position with the fiber portion 30a aligned with the fiber 
portion 32. Since the stops 54a and 54b are precisely adjustable 
and are situated 7 to 10 times as far from the pivot axis as are 
the links 42a and 42b, the movement of the supports 16a and 16b 
can be adjusted with great precision and is not much affected by 



wear on the stops . 



[0024] Figs. 2 and 3 also show an axially movable gap 
adjustment screw 60 at the first end portion 10a of the housing 
which can move the base portion 12 axially in order to adjust the 
gap between the fiber ends, and a vertically movable alignment 
adjustment screw 62 at the second end portion 10b of the housing 
which can adjust the support 16b vertically, relative to support 
16a, in order to adjust the relative heights of the fiber ends. 

[0025] Reference is now made to Figs. 4 and 5 which illustrate 
the details of the gap adjustment, although the amount of 
movement is exaggerated by about 10 times for clarity. Fig. 4 
shows the at rest position of the flexures 14 which connect the 
housing end portion 10a to the base portion 12, at which no 
pressure is being exerted by the screw 60, and where the gap 
between fiber ends is relatively large, as it would be after the 
gap has been created by sawing through a fiber and polishing the 
fiber ends. Fig. 5 shows the situation when the screw 60 has been 
turned to protrude outwards from the end of the housing, and has 
acted on base portion 12 to deflect the flexures 14 and to move 
the support 16a towards support 16b thus partly closing the gap. 
This provides a convenient way to have an optimum gap size even 
when the saw and/or polishing means is quite wide. 

[002 6] At the other end of the housing, the vertically movable 
adjustment screw 62 is shown movable in a bore 63 at the end of 
the base mounting 18 closest to the housing end 10b, and which 
is close to a leaf spring 64, this spring being a multi-section 
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spring formed of many thin leafs, the spring having a height 
equivalent to the housing, and being located by two vertically 
extending ledges 66 on opposite sides of a recess 67 into which 
the spring is caused to bend. The bore 63 has an open side close 
to the lateral center of the spring 64, which allows an exposed 
side of the screw 62 to contact successively upper, central and 
lower portions of the spring as the screw is turned and moves 
down the bore. The pressure of the spring 64 against the screw 
62, when in its upper or lower positions, exerts a torsional 
force on the flexures 20 thus tilting the base portion 18 and 
raising or lowering the end of the support 16b. - 

[0027] The effect of this adjustment is illustrated in Figs. 6 
and 7. Fig. 6 corresponds to a vertically centered location of 
the screw 62, at which it is"" out of sight in this view; this 
drawing shows that here the vertical deflection of the support 
16b is negligible. In Fig. 7 the support 16b is shown in an 
upwardly deflected condition achieved by moving the screw 62 down 
to its lowest position. In fact in this drawing the deflection 
of support 16b has been exaggerated by about 500 times for 
clarity; the actual amount of movement at the fiber end is about 
plus or minus one micron. 

[0028] This height adjustment of one support relative to the 
other is important where the fibers have small mode field 
diameters, for example less than 9 microns, and especially where 
one or both supports has two fibers, as here. Height adjustment 
is required since although in theory the manner of fixing the two 
fiber portions 3 0a and 3 0b should ensure that the fiber ends have 



the same height, in practice the top surfaces of the supports, 
although lapped flat, may not be exactly co-planar. Also, without 
height adjustment, there is no easy way to ensure good alignment 
of fiber portion 30a with the third fiber portion 32, since the 
core of a fiber is not always accurately at its center. Alignment 
is important since transmission losses increase as the square of 
the mis -alignment . This height adjustment allows light passing 
through the switch to be monitored while the height of the 
support 16b is adjusted relative to support 16a so that each 
output fiber portion 3 0b and 32 can receive the same amount of 
light from fiber portion 3 0a when the switch is in the 
appropriate position; in other words it allows the height of 
support 16b to be set at the best compromise position relative 
to the cores of the two fiber portions 30b and 32. 

[0029] The adjustments provided by this switch thus include 
a two-axis or quadrature alignment, where the height adjustment 
provides one axis and the adjustable stops 54a and 54b provide 
the other. In addition the gap between the fiber ends is 
adjustablie so that, in this design, all three axes can be 
optimised to yield the lowest possible loss through the switch. 
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